An attempt has been made to determine the effect of an addition of colloidal suspensions of the nanoparticles of magnesium oxide on the structure of water glass, which is a binder for moulding and core sands. Nanoparticles of magnesium oxide MgO in propanol and ethanol were introduced in the same mass content (5wt.%) and structural changes were determined by measurement of the FT-IR absorption spectra.
Introduction
Water glass as a binder was used for the first time in 1947 (Czechoslovak Patent No. 81 931). It is cheap, readily available and nontoxic. However, an evident drawback of foundry sands with water glass is their brittleness, poor knocking out properties and low degree of reclamability. At the same time, the potentials of water glass as a binder for foundry sand moulds and cores are not fully utilised.
In terms of technology, the following requirements should be satisfied: ensuring optimal conditions for the core and mould hardening, ensuring the required level of mechanical and physicochemical properties (strength, hygroscopicity, brittleness, etc.) and the lowest possible residual strength of moulds and cores in a wide range of temperatures (300-1200°C), which will improve the sand knocking out properties and, last but not least, the moulding and core sand reclamability [1] .
Studies carried out so far have indicated that the most effective improvement in the quality of sands with water glass is obtained through modification of the binder. So far, as modifiers, the multimolecular components have been used, differing in the degree of polymerisation, in molecular mass, and in the type and number of functional groups. These materials are, e.g., polyphosphates and polyacrylamides.
For several years now, a rapid development has occurred in the new group of materials known as nanoparticles [2] [3] [4] [5] . These are, among others, the nanoparticles of ceramic materials (e.g. SiO 2 , Al 2 O 3 , CaSiO 3 , MgO, etc. [3] [4] [5] [6] [7] [8] ). Operating in chemical or physico-chemical mode, nanoparticles may alter the original properties of binder. Most studies carried out so far on the modification of water glass have been focused on the use of organic compounds. Only few results reported in the literature suggest a positive impact of micro-and nanoparticles of MgO and Cr 2 O 3 on the residual strength, which is associated with an improvement of the knocking out properties [6, 7] . Additionally, all these studies are limited to investigations of the modifier impact (micro-and nanoparticles) on binder properties and are of a qualitative character. Studies undertaken recently are of a much broader range, including modifier impact on the structure and properties of water glass [8, 14] , but the relationship between composition, structure and properties is still poorly understood.
In this paper, an attempt was made to modify water glass with a colloidal suspension of nanoparticles of magnesium oxide (MgO) in a variety of alcohols (ethanol, propanol), with constant content of the modifier in binder (5 wt%), and determine the effect of the addition of magnesium nanoparticles in different solvents on the structure and hardening behaviour of water glass.
Experimental

Test materials and methods
Binder modification was carried out on water glass: To determine the type of interactions taking place in a bindermodifier system, an analysis was performed by FT-IR spectroscopy on samples of fresh binder and binder hardened for 24 h in air. The analysis was performed using a Digilab Excalibur FTSMX spectrometer with a Hatra attachment. Figure 1 illustrates the FT-IR absorption spectra of the investigated water glass (fresh and after hardening). The experimental determination of the structure of silicate glasses is usually done in terms of the anion structure, which is represented by Q n species (Figs. 2, ) [13] . In silica glasses, the basic structural unit is tetrahedral, where Si is in 4-fold coordination by oxygen. The Si-centred tetrahedral structural species are designated as Q n , where Q refers to silicon atoms and n denotes the number of bridging oxygen (BO) in a structural unit. The FTIR absorption spectra of the investigated water glass (M = 2,5), fresh and hardened (Fig.1) , can be divided into two groups: the first one comprises the main sharp distinctive and characteristic absorption bands ranging from 400 -1400 cm -1 , which are due to vibrations of the main silicate network group with different bonding arrangements, and the second part from 1400 to 4000 cm -1 obviously consists of vibrations due to water, hydroxyl, SiOH or similar groups.
Results and discussion
O atom
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It can be observed that the absorption spectra of fresh water glass in the region of 400-1400 cm - [9] . Shifting of the main band towards higher wavenumbers of ca. 1100 cm -1 corresponds to an increase in the activity of Q 3 species, while lower wavenumbers of ca. 900 cm -1 are attributed to Q 1 species. The shoulder at ca. 850 cm -1 is associated with the asymmetric vibrations of isolated Q 0 species. The lower frequency envelope between 600-400 cm -1 is attributed to the rocking motion of Si-O-Si bridges connecting various Q n species [9] . According to the above, the main bands observed at 1010 cm -1 and 890 cm -1 indicate the presence of Q 1 and Q 2 species as a main silicate network group in fresh water glass of a 2.5 module [8] .
In the second frequency range (1400 -4000 cm -1 ), the characteristic strong adsorption bands with maximum at 3440 cm This reaction is generally accepted as a reaction valid in the water glass hardening process with CO 2 . Figure 3 shows the effect of adding 5wt.% of MgO in ethanol on the structure of fresh water glass. A small shift of some bands in the spectra of the examined samples, both fresh and hardened, is noticeable.
A significant shift of the band is observed to occur in the range of stretching vibrations of the OH groups (from 3420 to 3440cm -1 ). A significant change is also noted in the intensity of this band due to the action of a modifier. The main band corresponding to asymmetric stretching vibrations of Si-O lying at the wavenumber of 1010 cm -1 in the spectrum of water glass is slightly shifting to the value of 1013 cm -1 due to the introduction of MgO nanoparticles in ethanol. Small shift towards lower wavenumbers is also observed in the band of 891 cm -1 (885 cm -1 ), which can be the result of an increase in asymmetric vibrations of isolated Q 0 species [11] . Similarly, the band appearing at 615 cm -1 is shifted to 607 cm -1 , which can indicate a tendency to the reduction of ions in the system, too [12] . The process of modified water glass hardening causes small shifts of bands associated with the OH groups and Si-O. There are also bands associated with carbonate groups in the water glass both unmodified and modified. On the other hand, important differences appear in the intensity of the spectra. In the case of the modified water glass spectrum, far lower intensity is shown throughout the whole range of wavenumbers, thus indicating an increased rate of the modified water glass hardening. Figures 5 and 6 show spectra of the water glass modified with nanoparticles of MgO introduced in a propanol solvent. The MgO nanoparticles (5 wt.%) introduced in propanol to fresh water glass (Fig. 5) show stronger effect on changes in the water glass structure than the same nanoparticles introduced in ethanol. The most significant change is the change in the intensity of the OH band (3340cm -1 ) compared with that of the main band of Si-O (1010cm -1 ). This type of change indicates an increase in the number of OH groups due to the introduction of MgO nanoparticles suspended in propanol.
Shifting the position of wavenumbers for the modified water glass (890 to 880cm -1 and 615 to 596cm -1 ) indicates that Mg 2+ ions are getting incorporated into the silicate network [13, 14] . The hardening process is much faster with the addition of modifier (MgO nanoparticles), no matter if in ethanol or propanol, as indicated by the spectrum intensity decreasing within the entire range of vibrations.
In the spectrum of the hardened water glass modified with MgO nanoparticles in either ethanol or propanol, the appearance of a band in the range of approximately 700 cm -1 confirms the participation of Mg 2+ ions in the water glass cross-linking process [15] .
Conclusions
Studies on the modification of water glass with colloidal solutions of MgO nanoparticles in ethanol and propanol showed the influence of magnesium nanoparticles on the hardening process of water glass through a reaction of this glass with CO 2 and MgO.
This confirms the characteristics of the spectra after 24 h, i.e. the appearance of new bands in the region of carbonates (at about 1400 cm -1 and 700 cm -1 ). Moreover, the presence of MgO nanoparticles significantly accelerates the hardening process. This is proved by a significant decrease in the intensity of the individual bands of a spectrum of the modified water glass.
